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Abstract

Background: The use of chromium-containing dietary supplements is widespread among patients with type 
2 diabetes. Chromium’s effects in patients at high risk for developing diabetes, especially those with metabolic 
syndrome, is unknown. The objective of this study was to determine the effects of chromium picolinate (CrPic) 
on glucose metabolism in patients with metabolic syndrome.
Method: A double-blind, placebo-controlled, randomized trial was conducted at a U.S. academic medical cen-
ter. Sixty three patients with National Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP 
III)-defi ned metabolic syndrome were included. The primary end point was a change in the insulin sensitivity 
index derived from a frequently sampled intravenous glucose tolerance test. Prespecifi ed secondary end points 
included changes in other measurements of glucose metabolism, oxidative stress, fasting serum lipids, and high 
sensitivity C-reactive protein.
Results: After 16 weeks of CrPic treatment, there was no signifi cant change in insulin sensitivity index between 
groups (P = 0.14). However, CrPic increased acute insulin response to glucose (P = 0.02). CrPic had no signifi cant 
effect on other measures of glucose metabolism, body weight, serum lipids, or measures of infl ammation and 
oxidative stress.
Conclusion: CrPic at 1000 μg/day does not improve key features of the metabolic syndrome in obese nondiabetic 
patients.

Introduction

The use of chromium dietary supplements is widespread 
with estimated sales reaching $101 million in 2004.1 

Chromium is second only to calcium in most commonly used 
mineral.1 Its use is especially popular among patients with 
type 2 diabetes (T2DM) or those attempting to lose weight.2 
Many of these patients have metabolic syndrome, a cluster of 
metabolic abnormalities characterized by abdominal obesity, 
impaired fasting glucose (IFG), dyslipidemia, and elevated 
blood pressure.3 It is estimated that 47 million Americans 

have metabolic syndrome in some form.4 Importantly, met-
abolic syndrome is associated with a three-fold increase in 
the risk of developing T2DM and also signifi cantly increases 
the risk of atherosclerotic cardiovascular disease (ASCVD).5 
Insulin resistance, a central component of metabolic syn-
drome, has been identifi ed as a potential therapeutic target 
of both dietary and pharmacologic interventions. Whereas 
a few studies have explored the effect of chromium supple-
mentation on insulin sensitivity, the data remain inconclu-
sive.6,7 Chromium yeast treatment had no effects in patients 
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16 weeks. Subjects returned to the clinic at 8 and 16 weeks 
for follow up.

Adherence was assessed by pill count. The 24-hour urine 
samples were analyzed for urinary chromium at baseline, 
8 weeks, and 16 weeks. Dietary adherence was assessed by 
3-day food records and analyzed by Esha Food Processor 
(version 8.22). Physical activity was assessed by a modifi ed 
version of physical activity frequency questionnaire (PAFQ) 
with permission of the author.11,12

Measurements

Clinical parameters. Blood pressure was measured with 
an automatic electronic sphygmomanometer, with the sub-
ject in the sitting position after resting for at least 5 minutes. 
Body weight was measured on a calibrated scale (Tronix 
digital scale, Carol Stream, IL) with shoes off to the near-
est 0.1 kg and height was measured to the nearest 0.1 cm. 
True waist circumference was measured midway between 
the 10th rib and the iliac crest with the subjects in the stand-
ing position. Bioimpedance analysis (BIA) was performed 
fasting, in the supine position using a Quantum II Analyzer 
(RJL Systems, MI).

Glucose and insulin metabolism. FSIGT was performed at 
baseline and at 16 weeks. After a 12-hour fast, two intrave-
nous catheters, one in each arm, were placed in the subject’s 
antecubital vein. One line was used for blood withdrawal and 
one for the infusion of glucose and insulin. Baseline blood 
samples were collected at 5-minute intervals (−10, −5, 0). A 
bolus of 50% glucose (0.3 gram/kg) was injected at time 0 fol-
lowed by a bolus of insulin (0.03 U/kg) at 20 minutes. Blood 
samples were collected at 2, 3, 4, 5, 6, 8, 10, 12, 14, 16, 18, 20, 22, 
25, 30, 40, 50, 70, 100, 140, and 180 minutes. Blood samples were 
placed on ice and centrifuged at within 1 hour, and the sepa-
rated plasma was frozen and stored at −70°C until assayed. 
Plasma immunoreactive insulin was measured in duplicate 
using a human specifi c double-antibody radioimmunoassay 
from Linco Research (St. Charles, Missouri). Plasma glucose 
was analyzed in duplicate by an enzymatic calorimetric assay 
from Wako Diagnostics (Richmond, VA). The Bergman min-
imal model method was used to evaluate glucose-induced 
insulin release and insulin sensitivity.13 Insulin sensitivity (SI) 
and glucose effectiveness index (Sg), acute insulin response 
to glucose (AIRg), and disposition index (DI) were calcu-
lated from the FSIGT results using MINMOD MILLENIUM 
program version 3.0.14 Hemoglobin A1c was measured by 
high-permformance liquid chromatography (HPLC; Primus, 
Kansas City, MO).

Lipids and lipoprotein analysis and infl ammatory markers. 
Lipid parameters were analyzed from ethylenediaminetet-
raacetic acid (EDTA) plasma collected after a 12-hour fast in 
a Centers for Disease Control (CDC)-standardized lipid lab-
oratory. Plasma total cholesterol (TC), HDL-C, and TG were 
measured enzymatically on a Cobas Fara II autoanalyzer 
(Roche Diagnostic Systems Inc., NJ) using Sigma reagents 
(Sigma Chemical Co., MO). LDL-C and very-low-density 
lipoprotein cholesterol (VLDL-C) levels were determined 
after ultracentrifugation.

Markers of infl ammation and oxidative stress. High-
sensitivity C-reactive protein (hs-CRP) was measured with 
an ultra-high-sensitivity latex turbidimetric immunoassay 
(Wako Chemicals USA Inc., Richmond, VA) on a Cobas Fara 
II analyzer (Roche Diagnostics, Indianapolis). Oxidative 

with T2DM,8 whereas chromium picolinate (CrPic) supple-
mentation in subjects with T2DM on sulphonylurea agents 
signifi cantly improves insulin resistance and glucose con-
trol.9 Supplemental trivalent chromium (Cr+3) has been 
shown to improve insulin sensitivity in some patients with 
T2DM, but its effect in patients at high risk of developing 
T2DM is largely unknown.10

The primary purpose of this study was to test the hypoth-
esis that Cr+3 supplementation improves insulin sensitivity 
in patients with metabolic syndrome. Secondary outcomes 
included additional measurements of insulin secretion, dis-
position index, changes in body composition, lipid param-
eters, and markers of infl ammation and oxidative stress.

Materials and Methods

Sixty three nondiabetic subjects between the ages of 18 
and 75 with abdominal obesity and metabolic syndrome 
as diagnosed according to the criteria of the National 
Cholesterol Education Program (NCEP) Adult Treatment 
Panel III (ATPIII) were recruited from the Philadelphia met-
ropolitan area and enrolled in the study between February, 
2004, and March, 2005. Subject eligibility required waist cir-
cumference ≥102 cm for men and ≥89 cm for women and at 
least two of the following: systolic blood pressure ≥130 or 
diastolic blood pressure ≥85 mmHg or taking ≥1 antihy-
pertensive agent; fasting blood glucose (FBG) ≥6.1 mmol/L, 
but <7 mmol/L; fasting triglycerides (TGs) ≥1.68, but ≤8.96 
mmol/L; or high-density lipoprotein cholesterol (HDL-C) 
≤1 mmol/L for males and ≤1.29 mmol/L for females. 
Subjects with FBG ≥6.1 mmol/L, had a 75-gram oral glu-
cose tolerance test performed under fasting conditions to 
rule out the presence of underlying diabetes. Per guidelines, 
a 2-hour plasma glucose value of ≥11.1 mmol/L was exclu-
sionary. Other major exclusion criteria included: ASCVD, 
low-density lipoprotein cholesterol (LDL-C) >4.9 mmol/L, 
liver transaminases three times the upper limit of normal, 
renal insuffi ciency, fi brates, or dietary supplements (exclud-
ing a multivitamin with <100 μg chromium). Subjects on 
stable (≥6 weeks) statin therapy were included. Of the 153 
volunteers assessed for eligibility, 78 were excluded based 
on entry criteria and 12 chose not to participate. The pro-
tocol was approved by the Institutional Review Boards 
at the University of Pennsylvania and the Philadelphia 
VA Medical Center. All study subjects provided written, 
informed consent.

Study design

We conducted a randomized, double-blind, placebo-
controlled study of the safety and effi cacy of 16 weeks of 
CrPic therapy. Subjects who met entry criteria returned to 
the clinic within 30 days where a frequently sampled intra-
venous glucose tolerance test (FSIGT) was performed and 
were then randomized in a 1:1 double-blind fashion to 
receive either CrPic or matching placebo. Subjects received 
500-μg capsules of CrPic supplied as Chromax®, or placebo, 
both of which were manufactured by Nutrition21 (Purchase, 
NY) and independently tested for disintegration, dissolu-
tion, Cr+3 and CrPic content by Covance Laboratories prior 
to randomization.

Subjects were instructed to consume one capsule in 
the morning and one in the evening daily with water for 
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Glucose metabolism

There were no signifi cant baseline differences in mea-
sures of insulin resistance or insulin secretion (SI, AIRg, 
Sg, or DI) between the groups (Table 1). After 16 weeks of 
CrPic treatment, there was no signifi cant change in SI index 
(Fig. 2). CrPic signifi cantly increased AIRg compared to 
placebo (Fig. 2). There were no effects of CrPic on Sg or DI. 
The fi ndings of increased AIRg and unchanged SI were 
unchanged, even after inclusion of the 2 subjects with signif-
icant outlying values. Additionally, hemoglobin A1c did not 
change in either group ([6.01 ± 0.4 to 6.09 ± 0.6% for CrPic] 
and [5.79 ± 0.5 to 5.85 ± 0.4% for placebo]). Fasting glucose 
was also unchanged ([4.66 ± 0.81 to 4.92 ± 0.91 mmol/L for 
CrPic [P = 0.09]) and (4.54 ± 0.64 to 4.5 ± 0.85 mg/dL for pla-
cebo [P = 0.89]). Subgroup analysis was also carried out for 
subjects with impaired glucose tolerance (IGT). CrPic had no 
effect on change in SI for either group [(+1.17 ± 3.6 (mU/L)–

1min–1 for CrPic (P = 0.39]) and (−0.19 ± 0.71 [mU/L]–1min–1 
for placebo (P = 0.35]). AIRg was also unchanged in patients 
with IGT ([+77.77 ± 112.7 mU L–1min–1 for CrPic (P = 0.09]) 
and (−105.39 ± 539.7 mU L–1min–1 for placebo (P = 0.49]).

Lipids, infl ammatory markers, and oxidative stress

Baseline LDL-C was signifi cantly higher in the CrPic 
group as compared to the placebo group (P = 0.007). A small 
nonsignifi cant reduction in LDL-C in the CrPic group and 
an increase in the placebo group was observed. Concomitant 
statin therapy had no signifi cant impact on this reduc-
tion. However, when adjusted for the baseline differences, 
LDL-C was unchanged in response to treatment (P = 0.15) 
(Table 2). There was no effect of CrPic treatment on HDL-C, 
TGs, or TG/HDL cholesterol ratio (Table 2). There was no 
signifi cant change in urinary isoprostanes ([−0.08 ± 4.1 ng 
8,12-iso-iPF2α-VI/mg creatinine for CrPic] and [−0.11 ± 3.3 ng 
8,12-iso-iPF2α-VI/mg creatinine for placebo] [P = 0.91]) after 
16 weeks of treatment. Median hs-CRP changed from 2.98 
(IQR 2.1–5.9) to 3.01 (IQR 2.1–5.4) mg/L in the CrPic group 
and from 1.93 (IQR 1.0–4.0) to 1.97 (IQR 1.1–4.8) mg/L in the 
placebo group (P = 0.38).

Chromium adherence and study blinding

Both groups had mean adherence by pill count of >90%. 
There were no differences in urinary chromium excretion 
between the groups at baseline. Chromium supplementation 
resulted in a marked increase in chromium urinary excre-
tion at both week 8 (10.93 ± 6.9 μg/L [P < 0.001]) and week 16 
(14.06 ± 8.4 μg/L [P < 0.001]) whereas placebo had no effect 
([0.14 ± 0.2 μg/L at week 8) and (0.11 ± 0.1 μg/L at week 16) (NS) 
(Fig. 3). There was no correlation between urinary chromium 
excretion and change in AIRg (P = 0.45) or SI (P = 0.69).

Safety and adverse events

Overall, CrPic was well tolerated. There were no serious 
adverse events (SAEs) in either group.

Discussion

The results of what we believe is the fi rst randomized pla-
cebo controlled trial of chromium in metabolic syndrome 

stress was assessed by urinary isoprostane 8,12-iso-iPF2α-VI 
as measured by liquid chromatography/tandem mass 
spectrometry.15 The levels of 8,12-iso-iPF2α-VI were normal-
ized to urinary creatinine levels and reported as ng 8,12-iso-
iPF2α-VI/mg Cr).

Assessment of chromium status. Urinary chromium was 
assessed from a 24-hour urine collection using a microcom-
puter-controlled atomic absorption spectrometer (Model 
5000, Perkin-Elmer Corp., Norwalk, CT), equipped with 
a programmable microcomputer-controlled graphite fur-
nace (Model HGA 500, Perkin-Elmer). All determinations 
were made using argon as the furnace gas and pyrolytically 
coated furnace tubes as described by Anderson et al.16

Outcomes and sample size calculations. The primary end 
point of the study was change in SI. For this variable, we 
anticipated net increases in SI of 20% between the CrPic 
and placebo groups at 16 weeks. Accounting for a 15% esti-
mated drop-out rate, we estimated that a sample size of 30 
per group would provide at least 80% power to detect this 
difference between the two groups, using a two-tailed α of 
0.05 and an estimated within group SD of ± 25%.

Statistical analysis

The primary analysis of glucose metabolism comes 
from a modifi ed intent-to-treat analysis of 57 subjects. We 
excluded 6 randomized subjects from this analysis because 
either baseline or 16-week FSIGT could not be performed 
(n = 4) or SI values were extreme outliers (n = 2) (1 subject 
had a pre-SI > 50 [mU/L]–1min–1 whereas another had a post-
SI of <0.01, both of which were considered not biologically 
plausible). Ordinary least squares (OLS) linear regression 
was used to analyze all FSIGT parameters to allow to adjust 
for baseline variables and treatment by baseline level inter-
actions. These same analyses were also applied to secondary 
outcomes, including AIRg, Sg, and disposition index (DI). 
For nonglucose variable analyses, unpaired Student t-tests 
or the Kruskal–Wallis test were used as appropriate. In 
addition, an analysis of covariance (ANCOVA) model was 
used for LDL-C to adjust for baseline differences. For dis-
crete variables, group differences were assessed using a chi-
squared test.

Data were analyzed using STATA (Version 9.2, College 
Station, TX) and P < 0.05 was used to determine statisti-
cal signifi cance. All values are presented as mean ± SD or 
median and interquartile range (IQR). All P values were 
two-tailed.

Results

Of the 63 individuals randomized, 60 completed the study 
and 3 individuals in the CrPic group withdrew for personal 
reasons (Fig. 1). The participants were well matched for key 
baseline characteristics except for race (Table 1). The pla-
cebo group had a greater proportion of participants who 
were white as compared to the CrPic group (P < 0.001). 
There were no changes in weight (−0.12 ± 2.5 kg for CrPic 
and 0.72 ± 3.0 kg for placebo) (P = 0.62) or waist circumfer-
ence (0.38 ± 2.3 cm for CrPic and 0.26  ± .4 cm for placebo) 
(P = 0.87) in response to treatment. Diet and physical activ-
ity as measured by questionnaire stayed constant through-
out the study (data not shown).
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12 weeks to patients IGT in an open-label study.17 Others 
have not shown any change in insulin sensitivity after Cr+3 
supplementation in a nondiabetic elderly population and 
in patients with IGT.19,20 Specifi cally, a recent smaller study 
targeted patients with IGT and reported no improvement 
in insulin sensitivity after treatment with CrPic (800 μg/
day) using the homeostasis model assessment (homeostasis 
model assessment [HOMA] index).20

Studies have demonstrated lower plasma insulin levels 
in both the fasting and glucose stimulated state in response 
to chromium treatment.18,21,22 However, none of these studies 
used AIRg as a measure of insulin secretion. Joseph et al. 
demonstrated a decrease in insulin AUC without an increase 
in insulin secretion in patients treated with chromium and 
resistance training for 12 weeks.23 Our study also describes 
the effect of chromium supplementation on insulin secretion 
as measured by AIRg. AIRg is a measure of the acute β-cell 
response to rising glucose through insulin secretion24 and 
has been shown to be an independent predictor of the devel-
opment of T2DM, even after adjusting for SI.25 Although 
accumulating evidence from randomized trials support the 

did not demonstrate an effect of pharmacologic dosing of 
CrPic on insulin sensitivity or other features of metabolic 
syndrome. CrPic did, however, increase the early phase of 
insulin secretion in response to glucose as measured by 
AIRg.

Multiple prior studies have examined the effects of chro-
mium supplementation on glucose metabolism with incon-
sistent results. This is most likely due to signifi cant variability 
among these studies with respect to the dose and prepara-
tion of chromium given, the duration of use, the measure-
ment techniques, and the study population. Whereas most 
of the studies have been in patients with T2DM, few studies 
have been performed in patients at high risk for develop-
ing the disease, such as those with IGT, obesity, or a family 
history of T2DM.17,18 An improvement in insulin sensitivity 
as assessed by the minimal model was reported in patients 
with obesity and a family history of T2DM after receiving 
CrPic (1000 μgrams/day) for 32 weeks.18 However neither the 
exact magnitude of this effect nor the effect on AIRg data 
were reported. Similar fi ndings were made using a hyper-
glycemic clamp to assess SI after administering CrCl3 for 

29 Primary Analysis:
Modified ITT
Excluded 1 (Outlying SI value)

Secondary Analysis:
30 Completers

1 (Incomplete FSIGT data)

3 Lost to Follow-up
Reason Withdrew:
Personal Decision

0 Lost to Follow-up

90 Excluded

78 Not Meeting Entry Criteria
12 Unwilling to Participate

63 Randomized

153 Individuals Assessed
for Eligibility

33 Assigned to Receive
Chromium Picolinate

30 Assigned to Receive
Placebo

28 Primary Analysis:
Modified ITT
Excluded 1 (Outlying SI value)

Secondary Analysis:
30 Completers

1 (Incomplete FSIGT data)

FIG. 1. Participant fl ow diagram.
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did not increase oxidative stress as has previously been sug-
gested by others.29 Additionally, we did not fi nd that CrPic 
supplementation led to adverse events or to a worsening of 
renal function or a reduction in iron stores as has been previ-
ously been reported,30,31 suggesting that up to 16 weeks of a 
supraphysiologic dose of CrPic is safe.

Our study has several limitations. First, our study was 
single center and short term and included a heterogeneous 
patient population. Patients with metabolic syndrome, while 
easy to identify clinically, are quite heterogeneous with 
regard to their level of insulin sensitivity as demonstrated by 
our baseline FSIGT data. This is documented by the fact that 
only 52% of our metabolic syndrome subjects had impaired 
glucose metabolism (IFG or IGT) at baseline, a variable 
commonly used in diabetes prevention intervention trials. 
Recent data in patients with T2DM suggests baseline insulin 
resistance as assessed by the hyperinsulinemic eyglycemic 
clamp may predict response of CrPic on insulin sensitivity.32 
Our study was not designed to answer this question; how-
ever, our data do not support this fi nding in obese patients 

role of targeting IR as a means of preventing T2DM, data on 
insulin secretagogues are lacking, although the short-acting 
sulfonylurea nateglidine is being prospectively evaluated 
alone and with the angiotensin receptor blocker valsartan 
in the NAVIGATOR trial to study whether these drugs can 
delay or prevent T2DM in patients with IGT.26 Although our 
fi nding is intriguing, it should be interpreted with caution 
because the relative effect was small and could have been 
a chance fi nding, and the clinical relevance of the observed 
increase AIRg may be limited.

This study also explored the effects of chromium on 
other metabolic syndrome features. Despite previous liter-
ature suggesting a weight loss effect of CrPic,27 we found 
no changes in body weight or waist circumference over 16 
weeks. Additionally, CrPic did not affect fasting serum TG 
or HDL-C as previously suggested.18,19,28 Our results did not 
demonstrate any changes in markers of vascular infl am-
mation or oxidative stress after chromium supplementa-
tion. Whereas we were admittedly underpowered to detect 
changes in hs-CRP, we are reassured by the fact that CrPic 

Table 1.  Baseline Characteristics of Study Population

 CrPic Placebo
Subject characteristicsa (n = 33) (n = 30)

Demographics 
Age, years 47.7 ± 10 51.1 ± 13
Male sex, n 13 18
Female sex, n 20 12
Race 
  White, n 16 27
  Non-white, n 17  3
Current smokers, n  4  6
Current ethanol users, n 22 20
Metabolic syndrome features 
Waist circumference, cm 109 ± 13 112 ± 13
  Men 116 ± 8 119 ± 15
  Women 105 ± 15 104 ± 13
Fasting TG mmol/L 2.0 ± 1 2.1 ± 0.8
Fasting HDL-C mmol/L 1.03 ± 0.2 1.04 ± 0.2
  Men 0.97 ± 0.2 0.97 ± 0.2
  Women 1.06 ± 0.2 1.15 ± 0.2
Systolic blood pressure, mmHg 130 ± 12 129 ± 15
Diastolic blood pressure, mmHg 81 ± 10 79 ± 10
Fasting glucose, mmol/L 4.74 ± 0.8 4.54 ± 0.6
Impaired fasting glucose, n  4  2
Impaired glucose tolerance, n 14 13
Body mass index, kg/m2 37.8 ± 9 35.2 ± 6
Percent body fat 39.9 ± 12 36.7 ± 11
Use of antihypertensive drugs, n (%) 22 (66.7) 17 (56.7)
Use of statin drugs  8 12
Glucose metabolism measures 
SI (mU/L)1min–1 2.20 ± 2.7 1.68 ± 1.1
Sg min–1 0.02 ± 0.01 0.08 ± 0.3
AIRg mUL–1 653 ± 557 806 ± 505
DI 1294 ± 1620 1312 ± 1144

aAll values are mean ± SD; comparisons nonsignifi cant except for race, P < 0.001.

Abbreviations: CrPic, chromium picolinate; TG, triglycerides; HDL-C, high-density lipoprotein 

cholesterol; SI, insulin sensitivity; Sg, glucose effectiveness index; AIRg, acute insulin response to glucose; 

DI, disposition index.
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with IGT as assessed by FIGTT. Another possibility is that 
we initially overestimated the effect size for chromium 
on SI, resulting in an underpowered analysis for this var-
iable. Our intervention was for 16 weeks and it is possible 
(though unlikely) that a longer duration of chromium use is 
needed to observe any clinically benefi cial effects. Finally, it 
is possible that CrPic supplementation is more effective in 
chromium-defi cient patients and that our population had 
normal baseline chromium balance based on urinary chro-
mium, thus limiting an effect, although we do not have any 
data available on the prevalence of chromium defi ciency in 
adults with metabolic syndrome.20

In conclusion, the study does not support the use of chro-
mium as a treatment for patients with metabolic syndrome. 
Despite its widespread use, we were unable to demonstrate 
any benefi cial effect of CrPic supplementation on detailed 
measures of insulin sensitivity, body weight, lipids, and 
infl ammatory markers in obese nondiabetic patients with 
metabolic syndrome. Currently, there are clinically proven 
alternatives (diet and exercise) for the prevention of diabetes 
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*P � 0.14 (between group comparison of change from baseline using OLS analysis)
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FIG. 2. Box and whisker plots of change from baseline in measures of glucose metabolism after 16 weeks of CrPic versus 
placebo. There was no signifi cant change in SI (mU/L)1 min–1, P = 0.14 (A); Sg min–1, P = 0.13 (C); or DI P = 0.75 (D). CrPic 
signifi cantly increased AIRg mUL–1min–1 compared to placebo, P = 0.02 (B).

*

*

FIG. 3. Levels of urinary chromium (reported as means ±
SD) obtained over a 24-hour collection signifi cantly increased 
in obese subjects with metabolic syndrome randomized to 
CrPic at both 8 and 16 weeks compared to negligible levels 
over time in the placebo-randomized group (*P < 0.001 for 8 
and 16 week time points).
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